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Résumé 
L'objectif de cette étude était de tester de nouveaux marqueurs nucléaires sur la 
phylogénie du grade des Caesalpinieae. Le grade des Caesalpinieae est intéressant au 
niveau taxonomique car il se positionne entre deux sous-familles monophylétiques des 
Légumineuses : les Papilionoideae et les Mimosoideae. Le grade se compose de sept clades 
dont l'histoire évolutive est faiblement soutenue par les analyses chloroplastiques. Les 
groupe-frères des Mimosoideae sont mal définis dans les phylogénies. Des marqueurs 
nucléaires développés pour les Papilionoideae pourraient être utiles pour établir cette 
phylogénie. 
Le marqueur nucléaire SUSY a été séquencé au cours de cette étude; dans la 
majorité des individus il comporte deux paralogues qui forment deux marqueurs distincts. 
Des analyses de sélection ont été réalisées sur les paralogues SUSY 1 et SUSY 2. Nous 
avons également utilisé deux marqueurs chloroplastiques, trnL et matK. Des analyses 
bayesiennes et de maximum de vraisemblance ont été réalisées sur les données combinées 
nucléaires et chloroplastiques, et sur les données nucléaires seulement. Les phylogénies 
ainsi obtenues ont été comparées pour valider l'histoire évolutive du grade. 
L'évolution du gène nous montre que la copie SUSY 2 est dérivée de la copie 
SUS Y 1. L'analyse des pressions de sélection montrent qu'après l'évènement de duplication, 
SUS Y 2 aurait subi une sous-fonctionalisation. Selon nos résultats le grade des 
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Caesalpinieae se divise en sept groupes : Umtiza, Cassia, Caesalpinia, Erythrophleum, 
Dimorphandra, Tachigali et Peltophorum. Les données nucléaires corroborent les résultats 
trouvés avec les données chloroplastiques. 
Les marqueurs nucléaires développés pour les Papilionoideae semblent avoir une 
variation adéquate pour résoudre la problématique liée aux Casealpinioideae. Finalement, 
nous proposons une perspective taxonomique du grade des Caesalpinieae, dans laquelle 
nous faisons deux propositions. La première consiste en l'inclusion de l'ensemble du grade 
des Caesalpinieae dans la sous-famille des Mimosoideae. La seconde introduirait dans les 
Mimosoideae trois ou quatre nouvelles tribus, à la base des Mimosoideae. 
Mots-clés: phylogénie, marqueur nucléaire, Caesalpinioideae, Caesalpinieae, 
Leguminosae, SUS Y 
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Abstract 
The goal of this study was to test new nuclear markers for phylogeny 
reconstruction in the Caesalpinieae grade. The Caesalpinieae grade is placed between two 
monophyletic legume subfamilies, the Papilionoideae and the Mimosoideae. The grade is 
composed of seven clades that are weakly supported by plastid DNA analysis. 
The SUS Y nuclear marker was sequenced and in the majority of cases, it consisted 
of two paralogs that represent two distinct markers. Selection analyses were carried out on 
the SUS Y 1 and SUS Y 2 paralogs. We also studied two chloroplast markers, tmL and 
matK, and ran Bayesian and maximum likelihood analyses on the combined nuclear and 
chloroplast data and on the nuclear data alone. The phylogenies obtained were compared to 
validate the phylogenetic history of the grade. 
The evolutionary process of nuclear gene suggests that the SUS Y 2 copy is 
derived from the SUS Y 1 copy. The results of selection pressure analysis suggest that 
SUSY 2 acquired a subfunctionalization after the duplication event. According to our 
results, the Caesalpinieae grade can be divided into seven groups: Umtiza, Cassia, 
Caesalpinia, Erythrophleum, Dimorphandra, Tachigali and Peltophorum. Nuclear data 
corroborate published resuIts found with plastid data. 
Papilionoideae nuclear markers appear to have adequate variation for helping 
resolve phylogenetic relationships in the Casealpinioideae. Finally, we discuss the 
taxonomic structure for the Caesalpinieae grade for which we suggest two alternatives. The 
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first would see the Caesalpinieae grade inc1uded within the Mimosoideae, whereas the 
second would see three or four Caesalpinieae groups introduced as new tribes at the base of 
the Mimosoideae. 
Keywords : phylogeny, nuc1ear maker, Casealpinioideae, Caesalpinieae, Leguminosae, 
SUSy 
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Chapitre 1 : Introduction générale 
Les Léguminosea correspondent au troisième plus grand groupe d'angiospermes en 
terme d'espèces, après les Orchidaceae et les Asteraceae. La famille des Légumineuses est 
composée approximativement de 650 genres et 20 000 espèces (Lewis et al. 2005). La 
famille s'organise en trois sous-familles: les Papilionoideae (479 genres et 13803 espèces), 
les Mimosoideae (78 genres et 3 271 espèces) et les Caesalpinioideae (171 genres et 2251 
espèces). Les Papilionoideae et les Mimosoideae constituent des groupes monophylétiques, 
et les Caesalpinioideae sont paraphylétiques. 
Polhill, Raven et Stirton (1981), rapportaient que le Caesalpinieae ne serait pas un 
groupe naturel car elle est à l'origine à la fois des Papilionoideae et des Mimosoideae. Cette 
vision fut confirmée par les récentes études phylogénétiques sur la famille (Doyle et al. 
1997,2000; Kajita et al. 2001; Wojciechowski et al. 2004; Lavin et al. 2005; Bruneau et al. 
2001,2008). La sous-famille des Caesalpinioideae se divise en cinq tribus: les Cercideae, 
les Detarieae, les Duparquetinieae, les Dialiinae et les Caesalpinieae (Bruneau et al. 2008). 
Les quatre premiers groupes, souvent bien supportés dans les analyses phylogénétiques, se 
positionnent sous la divergence des Papilionoideae. Le cinquième est un grade marque une 
transition des Caesalpinioideae vers les Mimosoideae, avec qui ils partagent quelques 
caractères particuliers, comme les feuilles bipénnées, et les inflrescences paniculées. II est 
traditionnellement divisé en neuf groupes: Umtiza, Cassiinae, Batesia, Dimorphandra, 
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Peltophorum, Pterogyne, Moldenhawera, Tachigali, Caesalpinia (Lewis 2005). Leur 
monophylétisme a été remis en question dans les études précédentes. Ce grade est le centre 
d'intérêt de la présente maîtrise car il possède, à bien des égards, certaines singularités. 
La capacité à noduler est connue pour être un trait particulier chez les 
Légumineuses. Les espèces possédant ces nodosités appartiennent généralement aux 
Papilionoideae, à l'exception de quelques taxons dans le grade des Casealpinieae. Ces 
nodosités sont apparues au cours de plusieurs événements indépendants durant l'évolution 
des Papilionoideae et des Caesalpinieae. Dans le grade, la présence de nodosités a été 
recensée dans les genres suivants : Chamaecrista, Campsiandra, Dimorphandra, 
Erythrophleum, Gleditsia, Melanoxylon, Moldenhawera, Mora, Sclerolobium, Tachigali, et 
elles sont possiblement présentes chez Colvillea, Vouacapoua et Recordoxylon (Sprent 
2001). 
Une autre particularité est la diversité morphologique importante du grade. Le 
grade ne possède pas de caractères floraux uniques, ce qui rend la lecture évolutive du 
groupe difficile. Cette variation peut s'accompagner d'une complète réduction des pièces 
florales comme dans le genre Ceratonia (groupe Umtiza), où les fleurs sont atépales et 
unisexuées. Dans le groupe Peltophorum, nous rencontrons, chez le genre Delonix, de 
grandes fleurs colorées avec une forte zygomorphie. Dans les espèces proches des 
Mimosoideae, certaines espèces possèdent des inflorescences avec de nombreuses petites 
fleurs symétriques (Erythrophleum). 
Finalement la relation étroite entre la sous-famille des Mimosoideae et ce grade est 
particulièrement intéressante. La morphologie florale des genres à la base du groupe des 
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Mimosoideae est similaire à celle du groupe des Dimorphandra. Ainsi, la limite entre les 
deux groupes reste floue et est perméable à d'éventuels changements, comme avec les 
genres Dinizia et Piptadeniastrum (Mimosoideae) retrouvés lors d'analyses 
phylogénétiques dans les Caesalpinieae (Luckow et al. 2000; Bruneau et al. 2001, 2008). 
Devant l'incapacité des études morphologiques à dénouer l'histoire évolutive du 
grade, les approches moléculaires ont apporté des éléments de compréhension à son 
évolution. Depuis l'incorporation de ces études, de nombreux remaniements intergénériques 
se sont produits. Ainsi, la taxonomie proposée par Polhill et Raven (1981) est inexacte au 
même titre que les groupes proposés plus récemment par Lewis et al. (2005). Afin d'utiliser 
la terminologie la mieux adaptée à la connaissance du grade des Caesalpinieae, nous 
utiliserons, dans cette introduction, les clades trouvés dans l'étude récente de Bruneau et al. 
(2008). Cette introduction décrit six groupes informels que nous décrirons succinctement. 
Les genres utilisés ici sont à ceux reconnus par Lewis (2005). 
Clade Umtiza: 
7 genres, 26-29 espèces 
Ce groupe rassemble des genres hétéroclites par leur morphologie florale et leur 
provenance géographique. Originalement, ils étaient répartis dans différentes tribus ou 
groupes qui n'avaient aucune relation entre eux: les genres Tetrapterocarpum et Arcoa 
étaient dans le groupe des Dimorphandra (tribu des Caesalpinieae), Umtiza dans la tribu des 
Detarieae, Gleditsia et Gymnocladus dans le groupe Gleditsia (tribu Caesalpinieae; Polhill 
et Vidal 1981), et Acrocarpus et Ceratonia dans la tribu des Cassieae. Les analyses 
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moléculaires et morphologiques montrent que ces genres forment un clade distinct 
(Herendeen et al. 2003a, 2003b ; Haston et al. 2005 ; Bruneau 2001, 2008). 
Clade Cassia : 
6 genres, 657-665 espèces 
Ce clade comporte six genres : Senna, Chamaecrista, Cassia, Batesia, 
Melanoxylon, Recordoxylon et Vouacapoua. Ce dernier genre serait le taxon frère du clade 
(Bruneau et al. 2008); cependant sa position en tant que groupe frère du clade Cassia n'est 
pas supportée par les analyses moléculaires (Bruneau et al. 2008). L'étude de Haston et al. 
(2005) le positionne dans un clade relativement bien supporté, Vouacapoua-Campsiandra, 
mais l'échantillonnage de cette étude n'était pas exhaustif. Batesia, Melanoxylon et 
Recordoxylon ont été récemment inclus dans un clade Batesia (Haston et al. 2005), par la 
suite, ils ont été placés dans le clade Cassia (Bruneau et al. 2008). Cependant, le genre 
Recordoxylon n'a pas été inclus dans l'analyse phylogénétique de Bruneau et al. (2008), 
donc il faudrait vérifier son appartenance au clade Cassia. Notons ici que Chamaecrista fait 
l'objet d'un projet de séquençage génomique. 
Clade Caesalpinia : 
21 genres, 158-173 espèces 
Ce groupe est généralement bien supporté par les analyses moléculaires et 
morphologiques, cependant les relations intergénériques sont mal connues. Il existe deux 
groupes à l'intérieur du clade Caesalpinia. Le premier se compose de sept genres : 
Basalmocapon, Hoffmannseggia, Libidibia, Stahlia, Pomaria, Poincianella et 
Erythrostemon. Le deuxième groupe de sept genres Caesalpinia, Haematoxylum, Tara, 
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Coulteria, Mezoneuron, Guilandina et Pterolobium. Cordeauxia serait le taxon frère de 
l'ensemble de ces deux groupes. Dans les analyses moléculaires et morphologiques 
Zuccagnia et Stuhlmannia appartiendraient au clade Caesalpinia (Lewis et Shire 1995; 
Simpson et al 2003; Haston et al. 2005; Bruneau et al. 2008), mais leur position est 
méconnues. Moullava et Stenodrepanum appartiendraient au clade Caesalpinia d'après les 
analyses morphologiques de Lewis et Shire (1995) et moléculaires de Simpson et al. 
(2003). Les genres Lophocarpinia et Cenostigma appartiendraient, selon Lewis et Schire 
(1995), au clade Caesalpinia. Cependant, dans la phylogénie moléculaire de Simpson et al. 
(2003), ces genres seraient inclus dans le clade Peltophorum. 
Clade Tachigali : 
4 genres, 69-70 espèces 
Tachigali, Sclerolobium, Jacqueshuberia et Schizolobium sont les quatre genres de 
ce groupe. Ce clade est bien supporté par les analyses moléculaires (Haston et al. 2005; 
Bruneau et al. 2008). 
Clade Peltophorum : 
8 genres, 38-41 espèces 
Ce clade est généralement bien supporté dans toutes les analyses faites par le passé 
(Haston et al. 2003, 2005; Simpson et al. 2003; Bruneau et al. 2001, 2008). Comme nous 
j'avons précisé auparavant, les genres Batesia, Melanoxylon, Recordoxylon et Vouacapoua 
ont été exclus de cet ensemble suite à l'étude de Haston et al. (2005) sur le groupe 
Peltophorum. Lophocarpinia et Cenostigma pourraient appartenir à ce clade (voir clade 
Caesalpinia). 
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Clades Dimorphandra A et B : 
5 genres, 34 espèces - 4 genres, 21 espèces 
Le groupe des Dimorphandra est un groupe paraphylétique possédant deux clades 
distincts (Luckow et al. 2000, 2003; Bruneau et al. 2001, 2008). Le premier clade est 
constitué de cinq genres, Dimorphandra, Burkea, Campsiandra, Mora et Dinizia. Ce 
dernier genre est un représentant des Mimosoideae qui s'est retrouvé dans le grade des 
Casealpinieae. Le genre Campsiandra a été trouvé comme taxon frère du genre 
Vouacapoua (clade Cassia; Haston et al. 2005) alors que l'analyse de Bruneau et al. (2008) 
le positionne dans le clade Dimorphandra A mais avec un faible support de branche. Le 
deuxième groupe serait constitué de quatre genres: Diptychandra, Moldenhawera, 
Pachyelasma et Erythrophleum. Ces genres forment un grade faiblement supporté à la base 
des Mimosoideae. Le monophylétisme des Mimosoideae est fortement soutenu dans 
l'analyse de Bruneau et al. (2008). 
Incertitudes taxonomiques 
Dans le grade des Caesalpinieae, les genres positionnés en taxon frère des clades 
se retrouvent souvent en position flottante, c'est le cas pour les taxa suivants: Vouacapoua, 
Campsiandra, Pterogyne, Diptychandra, Moldenhawera. Ensuite, la position de 
Cenostigma et Lophocarpinia est contradictoire. Chidlowia, Orphanodendron, 
Stachyotyrsus et Sympetalandra ont une position inconnue dan le grade.. Le genre 
Recordoxylon pourrait être inclus dans le clade Cassia. Le monophylétisme des groupes 
trouvés dans les précédentes études moléculaires sur le grade des Casealpinieae, reste 
encore aujourd'hui floue car, le support des branches est souvent modéré ou faible. Il 
faudrait confirmer la monophylétisme de certains groupes et éclaircir les relations entre 
Mimosoideae et le clade Dimorphandra. 
Marqueurs moléculaires 
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Les marqueurs moléculaires utilisés dans les précédentes études sur le grade des 
Caesalpinieae étaient chloroplastiques : rbeL, matK, tmL, tmK. Ces marqueurs ont montré 
une propension limitée à résoudre les arbres phylogénétiques, en raison du faible taux 
d'évolution du chloroplaste. L'utilisation du marqueur nucléaires ITS (internaI transcribed 
spacer) dans les Caesalpinioideae a été difficile au niveau de l'interprétation de l'alignement 
à cause de son évolution rapide (Wiefinga et Gervais 2003; Fougère et al. 2007) et de 
l'identification des séquence paralogues (Fougère et al. 2007). Les marqueurs nucléaires en 
faible copie ont été peu utilisés pour la phylogénie des Caesalpinioideae. Pourtant, ils 
représentent une riche source d'information phylogénétique car le génome nucléaire évolue 
plus vite que le génome chloroplastique. Ces marqueurs nucléaires ouvrent la perspective 
de réaliser des études phylogénétiques à des niveaux inférieurs aux marqueurs 
chloroplastiques. Ainsi, la variation intronique des marqueurs nucléaires peut être 
intéressante pour établir les possibles relations entre individus. Cependant, cette variation 
intronique conduit à une augmentation de la difficulté lors de l'amplification et de 
l'alignement des marqueurs. Les régions codantes sont mieux conservées entre espèces, 
donc plus faciles à aligner et, elles conviennent mieux pour l'identification des séquences 
homologues entre espèces (Choi et al. 2005). 
Une des complications dans l'utilisation des marqueurs nucléaires est la plasticité 
du génome nucléaire dans lequel de nombreux événements de duplications génétiques ont 
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été observés. Ces duplications peuvent être soit indépendantes, où un gène se duplique 
partiellement ou en totalité dans le génome, soit un évènement de polyploïdisation du 
génome entier. Ces événements de duplication conduisent à une difficulté supplémentaire 
liée à l'identification de paralogues, comme dans le cas du gène LEAFY chez les 
Caesalpinioideae (Archambaut et Bruneau 2004). L'identification de marqueurs en copie 
unique dans des génomes bien caractérisés parvient à réduire le problème de la paralogie. 
Cependant peu de génomes sont disponibles pour de telles études. Dans les Légumineuses, 
Je génome d'une dizaine de genres a été séquencé et 15 espèces ont vu leur génome annoté. 
Aucune des espèces de Caesalpinioideae ni de Mimosoideae n'a été annotée, donc les 
études de comparaison de gènes orthologues ont été réalisées seulement dans la sous-
famille des Papilionoideae. L'étude de Choi et al. (2004) compare les génomes de 
Medicago truncatula et M. sativa et liste un grand nombre de marqueurs nucléaires pouvant 
être utilisés dans la phylogénie des Légumineuses. Même si les espèces de Medicago 
appartiennent à une tribu éloignée de notre groupe d'intérêt (i.e. Trifolieae, Papilionoideae), 
nous pensons que l'exploration de tels marqueurs dans le cadre de la phylogénie des 
Caesalpinioideae pourrait être une voie intéressante dans l'élaboration de nouvelles 
hypothèses phylogénétiques sur le grade des Caesalpinieae. 
Dans cette étude nous désirons trouver un ou plusieurs marqueurs nucléaires en 
simple copie pour la phylogénie du grade des Caesalpinieae à partir des marqueurs issus de 
J'étude de Choi et al. (2004). Nous souhaitons également évaluer l'efficacité des marqueurs 
nucléaires des Papilionoideae chez les Caesalpinioideae. Nous cherchons par cette 
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phylogénie à confronter les résultats obtenus à partir des marqueurs nucléaires, et des 
marqueurs chloroplastiques. Pour finir, nous espérons pouvoir déterminer la position de 
certains genres du grade et conforter les hypothèses évolutives du grade des Caesalpinieae. 
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Chapitre 2 : Phylogeny reconstruction of the 
Caesalpinieae grade based on nuclear and plastid 
nlarkers 
Abstract: 
This study investigates the utility of nuclear markers developed from genomic studies in the 
Papilionoideae, to determine phylogenetic relationships within the Caesalpinieae grade 
(Leguminosae). The Caesalpinieae grade is enclosed by subfamilies Papilionoideae and 
Mimosoideae. The phylogenetic delimitation between the Mimosoideae and the 
Casealpinieae grade is poorly resolved. We cloned and sequenced the low copy nuclear 
gene SUSY and combined the data with plastid tmL and matK sequences. SUSY has two 
paralogs within the Caesalpinieae grade and the Mimosoideae, but occurs as a single copy 
in aIl other legumes tested. The nuclear and combined plastid plus nuclear data were 
analysed using Bayesian and maximum likelihood analyses. The evolutionary history 
obtained from the two nuclear markers is congruent with the plastid DNA analyses. The 
Caesalpinieae grade is divided into seven groups: the Umtiza and Erythrophleum grades, 
and the Cassia, Caesalpinia, Dimorphandra, Tachigali and Peltophorum clades. Paralogs 
were analyzed using selection models with PAML, to determine the evolutionary pressures 
which drive the evolution of these genes. The selection analysis reveals that SUSY is 
subjected to a strong purifying selection. One of the SUSY paralogs, under stronger 
positive selection, may be undergoing subfunctionalization. In general, the low copy SUS Y 
gene is useful for phylogeny reconstruction in the Caesalpinieae despite the presence of 
duplicate copies. This study reveals that the Caesalpinieae grade is an artificial group, and 
highlights the need for further analyses of lineages at the base of the Mimosoideae. 
Il 
Introduction 
Among legumes, the evolutionary history of subfamily Caesalpinioideae is the least 
understood because of its lower economic importance compared to the Papilionoideae and 
Mimosoideae. Lewis et al. (2005) summarized the current taxonomie knowledge of the 
subfamily since Polhill and Raven (1981) (Table 1). Subfamily Caesalpinioideae is 
paraphyletic (Polhill et al. 1981; Chappill 1995; Doyle 1994; Kass and Wink 1996; Doyle 
et al. 1997; Pennington et al. 2000, 2001; Kajita et al. 2001; Doyle and Luckow 2003; 
Wojciechowski et al. 2004; Lavin et al. 2005; Bruneau et al. 2001, 2008), and includes the 
tribes Cercideae and Detarieae, and several lineages of the tribes Cassieae and 
Caesalpinieae. Among the se tribes, the Caesalpinieae is particularly problematic. In 1981, 
Polhill and Vidal divided the Caesalpinieae into eight informaI generic groups, which were 
modified by Polhill (1994) to nine. Tribe Caesalpinieae since has been resolved as mainly 
paraphyletic, and intergeneric relationships within the nine generic groups were often 
adjusted with our developing knowledge of the tribe (Lewis and Shire 1995; Du Puy et al. 
1995; Doyle et al. 1997; Bruneau et al. 2001; Simpson et al. 2003). According to Bruneau 
et al. (2008), this tribe does not represent a monophyletic group, but rather comprises seven 
informaI clades, the Umtiza, Caesalpinia, Dimorphandra A and B, Tachigali and 
Peltophorum clades, and the Cas si a clade (sub-tribe Cassiinae; Table 1) is also nested 
within this paraphyletic group. We are focusing on lineages that belong to the six 
Caesalpinieae clades and to the Cassia clade, and for simplicity this set of lineages will 
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hereafter be referred to as the Caesalpinieae grade. Another interest of this study is to learn 
more about the monophily of the Mimosoideae. We know already that a basal genus in the 
subfamily Dinizia, may have an ambiguous position within the Caesalpinieae grade 
(Luekow et al. 2000, 2003). In addition, the eaesalpinioid Dimorphandra group, whieh 
shares numerous floral, pollen and wood features with Mimosoideae, is eonsidered 
taxonomieally as a "transitional link" between the eaesalpinioids and mimosoids (Polhill 
and Vidal 1981; Luekow et al. 2000, 2003). In short, some eaesalpinioid genera may best 
be plaeed within the Mimosoideae or may belong among the close relatives of the basal 
mimosoid genera. 
Table 1: Phylogenetie and taxonomie history of the Caesalpinieae grade. *Simpson et al. 
(2003) **Banks et al. (2003) N.A., not available. 
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Genera PoUlili and Raven (1981) Lewis et al. (2005) Bruneau et al (2008) Present publication 




Dimorphandrn group lArcoa Urb. Umtiza clade U mtiza clade Umtiza grnde 




Cassia L. Cassiinae Cassünae 
Challlaecrisra Moench 
Cas s ia clade 
Vlll/acapllua Aubl. Unknoml position 
Cassia clade Baresia Spruee ex Benth. & Hook.f. 
Peltophorum group Me/anoxy/on Sehon Batesia Group 
Recordoxy/on Ducke NA 




Poinciunel/a Btitton & Rose 
Lihidihia (OC.) Schltdl. 
Gui/a nd ina L. 
H,!t!mann.,eRRiu Cav. 
Ba/sanll/carpon Clos Caesalpinia clade 
SrahUa Bello 





Prer%hiulll R.Br. Ex Wight &Arn. 
Mezoneufon Desf 
CenosriRma Tul. NA 
Erythrostemoll Klotzsch Caesalpinia clade NA 
Pachye/a,\'nw Harms 
Dimorphandrn group Dimorphandrn group 
Eryrhmphleum Alzel. Ex R.Br. Dimorphandrn group B 
Chid/olVia Haye Unkno\m position Unkno\m position E'1'throphleum 
Dipr\'chandra Tul. Sclerolobium grouP Unkno\m position Dimol1Jhandrn ~rollJ! B grnde 
Mo!denhmvera Schrad. Peltophorum group Moldenha""rn group NA 
Dinizia Ducke Mimosoideae Mimosoideae 
Mora Schomb. Ex Benth. Dimorphandrn 
Dimorphandrn Dilll0/1J/wndra Schott 
Dimorphandra group Dimorphandra group 
clade A 
clade A Bw* ea Benth. 
Stachyoth"rsus Harms NA 
lArapariel/a Rizzini & A.Manos 
Peltophorum group 
Jacqueshuheria Ducke Taehigali group Taehigali clade 
Taehigali clade Tachi/ia/i Aubl. Sclerolobium group 
Ct/mpsit/ndra Benth. 
Caesalpinia group 




Pelrophorum (VogeQ Benth. 
Peltophorum group Pe Itophorurn group Peltophorurn clade Peltophorurn clade Schizli/ohiulll Vogel 
BUJ.wa Harms 
CII/vi/ea Bojer ex Hook. 
Conz.arria Rose 
Zucca~nia Cav. 
Caesalpinia group Caesalpinia group Caesalpinia group' 
1 Stenodre Junum Hanns Caesalpinia group 
Lophoca'1.inia Burkart 
NA 
NA Peltophorurn group' 1 
O,p/liln(){/endmn Barneby &.I.W.Grimes New genus sinee 1990 Unknoml position 
Syml'era/andra Stapf Dimorphandrn group Dimorphandrn group Dimorphandra group" 1 
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The Caesalpinieae grade, has been considered problematic because of its recent 
and rapid speciation, from which resulted a wide range of morphological diversity and 
complexity (Pettigrew and Watson 1977; Polhill and Raven 1981; Lewis and Shire 1995; 
Simpson and Miao 1997; Lewis 1998; Simpson and Lewis 2003; Doyle and Luckow 2003; 
Simpson et a1.2003; Herendeen et al. 2003a; Banks et al. 2003; Simpson et al 2004). Ever 
since, there have been numerous efforts, particularly using molecular analyses, to improve 
our understanding of the evolutionary history of this grade (Kass and Wink 1996; Doyle et 
al. 1997; Luckow et al. 2000, 2003; Kajita et al. 2001; Bruneau et al. 2001, 2008; 
Herendeen et al. 2003b; Simpson and Larkin 2003; Simpson et al. 2004; Archambault and 
Bruneau 2004; Haston et al. 2005; Simpson and Ulibarri 2006; Marazzi et al. 2006). Early 
studies were mainly based either on chloroplast DNA markers (e.g., matK, tmL and 
rpLJ6), on nuclear ribosomal DNA marker (e.g., ITS), or more rarely on low copy nuclear 
markers (e.g., LEAFY/CORNICULATA; Archambault and Bruneau 2004) and partially on 
morphological characters (Lewis and Schrire 1995; Herendeen et al. 2003a; Simpson et al. 
2004). Despite these attempts, relationships among lineages within this grade remain poorly 
resolved. 
In order to improve our understanding of relationships within Caesalpinieae and to 
better evaluate the assertion of previous evolutionary hypotheses, we examine relationships 
using a low-copy nuclear marker. In the last five years, genomic and bioinformatic studies 
have yielded new molecular markers for phylogenetic and biogeographic studies (Yu et al. 
2004; Choi et al. 2004, Chapman et al. 2007; Steele et al. 2008). Among these projects, 
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Choi et al. (2004, 2006) developed single copy nuclear phyJogenetic markers for the 
Leguminosae based on genomic comparisons. They provided a wide range of markers with 
putatively conserved exonic regions and highly variable introns. Using these data as an 
information base, we tested single copy nuclear markers in order to resolve the complex 
evolutionary history within the Caesalpinieae grade. The SUSY marker described by Choi 
et al. (2004) appears the most interesting among ail the nuclear markers we tested. The 
SUSY locus codes for sucrose synthase, which catalyzes the suc rose synthesis from UDP-
glucose and fructose. Two isoforms of suc rose synthase are found in green plants. The first 
and the second SUSY exon are part of the suc rose synthase 1 domain, whereas the third 
SUSY exon is part of the carboxyl terminal region of the suc rose synthase and belongs to 
the glycosyltransferase family. 
Based on previous studies, we hypothesize that the Caesalpinieae grade consists of 
seven clades. We tested whether particular mimosoid genera, such as Dinizia, best belong 
within this grade and, vice versa, whether sorne caesalpinioid genera may best be placed 
within the Mimosoideae. In addition to analyzing phylogenetic relationships based on the 
low-copy nuclear SUSY gene, we combine and compare the nuclear data with two 
chloroplast markers, trnL and matK. We evaluate the utility of many single copy genes as 
phylogenetic markers for further understanding the complex evolutionary history of 
lineages within this grade. 
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Materials and methods 
Taxon sampling 
We sampled 54 of the 59 genera of the Caesalpinieae grade as described in Table 
2. The genera Stenodrepanum Harms, Lophocarpinia Bukart, and Orphanodendron 
Barneby & J.W.Grimes are not included because we could not obtain leaf material. Most of 
the genera are represented by a single species and each species by up to three individuals. 
We use the generic delimitation of Lewis et al. (2005). 
Table 2: Voucher specImen information and GenBank accession numbers. Generic 
segregates for species of Caesalpinia are given in parentheses following the currently 
recognized generic name. Taxonomic groups follow the grouping described in the present 
study. Genera marked by an asterisk represent the sampling for testing the nuclear markers. 
Accession numbers marked by a letter are issue from the following publications: a Choi et 
al. (2004), b Zhang et al. (1997), C Hohnjec et al. (1999), d Camas (NCBI sequences from an 
unpublished paper), e Craig et al. (1999), f Heim et al. (1993), gArai et al. (1992), h Vissi et 
al. (1998), i Takemiya et al. (2006), j Bruneau et al. (2001), k Bruneau et al. (2008), 1 
Herendeen et al. (2003a), 111 Luckow et al (2003), n Wojciechowski et al. (2004), 0 Jobson 
and Luckow (2007), P Haston et al. (2005), q Marazzi et al. (2006). X represent sequenced 
taxa without accession numbers. 
Species Locality Voucher, accession number or source tmL intron macK SUSY 1 SUSY2 PPI 
Caesalpinieae grade 
*Acrocarpusfraxinifolius WJghy & Am Xishuang. B. G. Manos 1416 (DUKE) AF365098' EU361843K GQ293144 GQ293188 
Arapaliella psilophylla (HarnlS) R. S. Cowan Brazil Carvalho 6095 (K) EU361738K EU361859K 
Arcoa gonavensis Urb. Dominican Republic Jirrénez 3522 (JBSD) AY232787' GQ293145 GQ293189 
Arcoa gonavensis Urb. Dominican Republic Zanoni35606 (NY) EU361861 K 
Balsamocarpon brevifoliul1l Clos Chile Baxter OCI 1869 (K, E) EU361739K EU361864K GQ293146 GQ293190 
*Batesiafloribunda Benth French Guiana Grenand 3032 (CA Y) AF365109' EU361869K 
Burkea africana Hook. Botswana Cook 48 (K) EU361755K EU361895K 
Bussea occidentalis Hutch. Ghana Moris 19245 (NY) X GQ293147 GQ293191 
Bussea perrieri R. Vigo Madagascar Randrianasol0 527 (P) X 
*Caesalpinia (Coulteria) gracilis Benth. Ex Hen1S1 Mexico Lewis 2067 (K) AF365061' EU361902K GQ293154 GQ293197 
Caesalpinia (Colllteria) violacea (Mill.) Standl Mexico Lewis 1763 (NY) EU361778K X GQ293155 
Caesalpinia (Guilandina) crista (L.) Small Thailand Herendeen I-V-99-3 (US) EU361761 K EU361900K 
Caesalpinia (Libidibia) ferrea Mart. Singapore B. G, Fougère-Danezan 21 (MT) X EU361901 K GQ293167 
Caesalpinia (Poincianella) gilliesii (Hook.) D. Dietr. USA Spellenberg 12701 (MT) X X GQ293176 GQ293217 
Caesalpinia (Poincianella) yucatanensis Greenm. Mexico Lewis 1766 (NY) GQ293177 GQ293218 
Caesalpinia (Tara) cacalaco Humb. & Bonpl Mexico Lewi~ 1789 (K) AF365063i EU361898K GQ293184 
Caesalpinia (Mezoneuron) clllgolensis (Oliv.) Herend. & Zarucchi Tanzania Herendeen 12-XII-97-1 (US) AF365068J EU361897K GQ293148 
Caesalpinia (Mezoneuron) kauaiensis H. Mann Hawaii Joel 1602 (NY) X X GQ293 149 
Campsiandra comosa Benth. Guyana Redden 1100 (US) EU361780K EU361908K 
Cassia javanica L. Singapore B. G. Fougère 6 (MT) EU361782K EU361910K GQ293193 
Cenostigma gardnerianum TuL Brazil Thomas 9615 (K) GQ293151 
Cenostigma macrophyllum Tul. Brazil Ferreira et al 6371 (MBG) X 
Ceratonia siliqua L. Greece Wieringa 3341 (WAG) AF365075J EU361911 K GQ293152 GQ293194 
Chamaecrista nÎCtÎlans CL.) Moench Ecuador Klitgaard 654 (K) AF365093J EU361914K 
Chidlowia sanguinea Hoyle Guinea Jongkind 7948 (W AG) X X 
Colvillea racemosa Bojer Madagascar Lewis 2147 (K) EU361785K EU361916K 
Colvillea racemosa Bojer Madagascar Bruneau 1360 (MT) GQ293153 GQ293195 
Conzattia multiflora (Robinson) StandJ. Mexico Werling 399 (ASU) AY386918n 
Conzattia multiflora (Robinson) Standl Mexico Hughes 1915 (NY) GQ293196 
Conzattia multif/ora (Robinson) Standl Mexico Hughes 2071 (K, FHO, MEXU) EU361786K 
Cordeauxia edulis Hen1Sl Sornalia Kucher 17803 (K) EU361787K EU361920K 
-..J 
Species Locality Voucher, accession number or source tmL intron matK SUSY 1 SUSY2 PPI 
*Delona e/ata (L.) Gambie Tanzania Herendeen 20-XII-97-1 (US) AF3651 06i EU361928 K GQ293 157 GQ293 199 X 
Delona regia (Hook.) Rai Mexico Marazzi & Flores BM 183 (MEXU) AM086834q 
De/ana regia (Hook.) Rai Mexico Haston V200304 (K) AY899734q 
De/ana regia (Hook.) Rai Maurcice Island Archambault 3 (MT) GQ293 158 GQ293200 X 
*Dimorphandra conjugata Sandwith Guyana Breteler 13800 (WAG) AF365099i EU361934K GQ293 159 GQ293201 X 
Dimorphandra malis Benth. Brazil Aranjo 90 (NY) X 
Dinizia exce/sa Ducke Guyana Jansen-Jacobs 1900 (NY) EU361798 K 
Dinizia excelsa Ducke Brazil Sergio de Faria s.n. (BH) AF521827 m X 
Taxon nov. (cf. Dinizia) Brazil Folli4884 (K) EU361808K EU361951 K 
Diptychandra aurantiaca Tul Brazil Klitgaard 70 (NY) EU361799K EU361935 K GQ293 160 GQ293202 X 
Erythrophleum chlorostachys (F. Muell) Baill. Australia Wieringa et al. 4178 (W AG) X 
EI}'throphleum guineense G.Don Guinea Carvallio 4851 (K) X 
EI}'throphlewn ivorense A. Chev. Gabon Breteler 15446 (W AG) AF365102J EU361948K GQ293204 X 
Erythrophlewn suaveolens (Guill. & Perr.) Brenan Tanzania Herendeen II-XII-97-2 (US) X 
Erythrophlewn suaveolens (Guill. & Perr.) Brenan Singapore B. G. F ougère-Danezan 31 (Mn GQ293 162 GQ293205 X 
*EI}'throphleum sUilveolens ·(Guill. & Perr.) Brenan Tanzania Herendeen 17- XII -97 -3 (US) AF365103 i EU361949K X 
Gleditsia caspica Desf. USA Herendeen 7-V-2002-2 (US) AY232785' X GQ293 163 GQ293206 
*Gymnocladus dioica (L.) Koch Montreal B. G. (Canada) no. 1830-72 (MT) AF365095 i X GQ293 164 GQ293207 X 
Haematoxylum brasi/etto H. Karst. Guyana Wojciechowski 953 (ASU) AY386905" 
Haematoxylwn brasiletto H. Karst. USA Smith 258 (MT) AF365067J 
*Hoffmannseggia glauca (Ortega) Eifert USA Spellenberg 12699 (Mn AF365069J EU361969K GQ293 165 X 
Jacqueshuberia brevipes Bameby Guyana Redden 1240 (US) EU361815K EU361984K GQ293208 
Lemuropisum edule H. Perrier Madagascar Phillipson 3460 (K) AF365070i EU361991 K 
Me/anoxylon brauna Schott Brazil Lopes & AndraU 113 (K) EU361822K EU362000K 
Me/anoxylon brauna Schott Brazil Nüschelet 10 (NY) GQ293 168 GQ293209 
Moldenhawera brasiliensis Yakovlev Brazil Queiroz5530 (K) EU361824K EU362004K 
Moldenhawerafloribunda Schrad. Brasil Klitgaard 30 (K) GQ293 169 GQ2932 10 
Mora gonggrijpii (Kleinh.) Sandwith Guyana Breteler 13792 (WAG) AF365104i EU36200SK GQ293 170 
Moul/ava spicata (Da1zell) Nicolson Tanzania Critchett 1179 (K) X X 
Pachyelasma tessmannii (Harrns) Harms Central African Republic Harris 3972 (K) AF365105i EU362013 K 
Pachyelasma tessmannii (Harrns) Harms Gabon Breteler 1532 (W AG) GQ293171 GQ293211 X 
>--' 
00 
Species Locality Voucher, accession nurnber or source tmLintron matK SUSY \ SUSY2 PP\ 
Parkinsonia aculeata L. USA Spellenberg 12704 (MT, NMC) AF365072i EU362019K ~293172 ~2932\2 
Pelwphorum dubium (Spreng.) Taub. Bolivia Hughes, 2436 (K, FHO, BOLV, LPB, USZ) GQ293173 ~2932\3 
Peltophorum dubium (Spreng.) Taub. UC Berkely B. G. (USA) no. 90.2705, Wojciechowski 892 (ASU) EU361828K AY386846h X 
Peltophorum pterocG/pum (OC.) K. Heyne U. (1) Tanzania Herendeen 12-XH-97-2 (US) X 
Peltophorum pterocarpum (DC) K. Heyne U. (2) Dares Salaam Goyder 3719 (K) AF365107J EU362023K ~293174 ~293214 X 
*Pomariajamesii (Torr. & Gray) Walper USA Higgins 17628 (NY) EU361830K EU362029K 
Pterogyne nitens Tul Tanzania Herendeen 13·X11-97-1 (US) AF3650741 EU36203\K ~293178 X 
Pterolobium stellatum (Forssk.) Brenan Tanzania Herendeen 17·XU-97-9 (US) AF365073 i EU362032K ~293179 
Recordoxylon amazonicum (Ducke) Ducke Brazil Lima 3333 (MO) AY899699' 
Recordoxylon amazonicum (Ducke) Ducke French Guiana Molino 1683 (CA Y, MPV) ~293180 
*Schizolobium parahyba (Vell) Blake Ishpingo B. G. (Ecuador) Klitgaard 694 (K) AF365108J EU362036K ~293181 GQ293219 
Sclerolobium sp. Ishpingo B. G. Klitgaard 687 (K) AF36511 li EU362040K 
Senna occidentalis (L.) Roxb. VelleZllela Bruneau 1257 (Ml) EU361836K 
Senna ~pectabilis (DC) H.S. Irwin & Barneby Paraguay Marazzi et al BM029 (PY, CTES, Z) AM086900q 
Senna spectabilis (DC) H.S. Irwin & Barneby Thailand Herendeen 74-IV-99-6 (US) ~293182 GQ293220 
Stachyothyrsus staudtii Harms Cameroon Andel 4054 (W AG) X X 
Stahlia monosperma (Tul) Urb. Dominican Republic Gardner 7029 (E) AF430787i EU362050K 
Stuhlmannia moavi Taub. Kenya Robertson, S. 7509 (K) EU36\839K X ~293183 GQ29322\ 
* Tachigali sp Guyana Clarke 7212 (US) AF3651\3 i EU362054K X 
Tachgali amplifoUa (Ducke) Barneby French Guiana Motis et al 24793 (NY) X 
Tachigali vasquezii J.J.Pipoly Ecuador Neill 13998 (E. K, QCA, QCNE) 
Tetrapterocarpoll geayi Humbert Madagascar Bruneau 1395 (W AG) X ~293185 
Tetrapterocarpon geayi Humbert Republic DuPuyM421 (MO) AF365101' 
*Umtiza listerialla Sim South Afiica Schrire 2602 (K) AF365126i EU362062K GQ293186 GQ293222 
Vouacapoua macropetala Sandwith French Guiana BreteIer 13793 (W AG) AF3651lOi EU362063 K GQ293187 ~293223 X 
Dialiinae clade 
Dialium guiallellse (Aubi) Sandwith Ishpingo B. G. (Ecuador) Klitgaard 686 (K) AF365079i EU361930K 
Koompassia excelsa (Beee.) Taub. Thailand Herendeen 1-V-99-7 (US) EU361816K EU361988K GQ293166 ~293166 
>--
\0 
Species Locality Voucher, accession nwnber or source tmL intron matK SUSY 1 SUSY2 PP1 
Mimosoideae 
Adenanthera pavonina L. NA Major Howell Seeds (BH) AF278486' AF521808m 
Adenanthera pavonina L. Thailand Herendeen 25-V-99-2 (US) GQ293189 
Calpocalyx dinklagei I-brms Gabon Breteler 15461 (W AG) AF365043i EU361907k GQ293150 GQ293192 
Cylicodiscus gabunensis Hanns Gabon Brete1er 14866 (WAG) AY125845" AF521819k GQ293156 GQ293 198 
Entada phaseoloides (L.) Men. Hawaü Lorence 7994 (PTBG) EU366228 k EU366222k 
Entada polyphylla Benth. Ecuador Klitgaard 613 (K) GQ293203 
Pentaclethra macrophylla Benth. NA BNBG 87-1143 (BR) AF521853 m 
Pentaclethra macrophylla Benth. Gabon J. deWilde 11496 (WAG) AF36505Ji GQ293175 GQ293215 
Piptadenia anolidurus Bameby Ecuador Klitgaard 691 (K) GQ293216 
Piptadenia robusta Pittier NA Arroyo 850 (NY) DQ784674° DQ790632° 
Parkia multijuga Benth. Ishpingo B. G. Klitgaard 697 (K) AF365050i EU362018k 
Papilionoideae 
Bobgunniafistuloides (Harms) J.H. Kirkbr. & Wiersema Gabon Breteler 14870 (WAG) AF365038i EU361885k 
Dussia tessmannii Hanl1S Klitgaard 628 (K) X AY386903" GQ293161 GQ293161 X 
Glycine max Men. (L.) AF030231 b AF030231 b 
Leucomphalos callicarpus (Benth.) BreteJer Central African Republic Breteler 12331 (MO K) X 
Medicago sativa L. AJ002488h 
Medicago trl.mcatula L. (1) AJ131943 0 AJ131943° 
Medicago trtmcatula L. (2) BV165723" BV165723' 
Phaseolus vulgaris L. AF315375 d AF315375' 
Pisum sativum L. (1) AJ012080° AJ012080° 
Pisum sativum L. (2) BVI65728" BV165728' 
Swartzia cardiosperma Spruce ex Benth. Ecuador Klitgaard 664 (K) AF36504Qi EU362053k 
Viciafaba L. X69773 r X69773 r AB038648 i 
Vigna radiata (L.) R. Wilczek VIRVSSh VIRVSSI. 
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Most samples are from fresh leaf material preserved in silica gel. Herbarium material was 
available for sorne of the other genera (Zuccagnia Thunb, Erythrostemon (Caesalpinia), 
Table 2), but the quality of the DNA was insufficient for sequencing. Two genera from the 
Dialiinae clade (Koompasia and Dialium) and three from subfamily Papilionoideae 
(Dussia, Bobgunnia and Swartia, tribe Sophoreae), were chosen as outgroups. Genera from 
the Cassia clade were also included in the study (Chamaecrista, Senna, Cassia) because 
previous studies placed them as derived within the Caesalpinieae grade (Bruneau et al. 
200 1, 2008). Dinizia, Calpocalyx, Adenanthera, Entada, Piptadenia, Pentraclethra, and 
Parkia were selected to represent the basal Mimosoideae. 
Loci sequenced 
We selected ten of the nuclear markers developed by Choi et al. (2004). The objectives of 
our analyses being phylogeny reconstruction at and below the subfamily level, we selected 
markers with a relatively large coding region because we considered that the structure of 
the exon would be more preserved within the large Caesalpinieae grade and that the intron 
structure would be too variable at this phylogenetic level. We selected CNGC4, SUSY and 
FENR used by Scherson et al. (2005), and ARG} , PP}, S24MT, HIND, CDC2, RNAH and 
AIGP from Choi et al. (2006) (for more detail, see Table 3). We examined the variability of 
the markers for a restricted sampling of the Caesalpinieae grade (Table 2). After 
sequencing, we cleaned and "BLAST"- searched the alignments on GenBank to ensure 
correspondence with the targeted locus. We aligned the sequences with the Sequence-
Tagged Sites (STS) from Choi et al. (2004) and DNA sequences from Scherson et al. 
(2005). We performed a preliminary bayesian phylogeny to test for paralogs and to 
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establish marker variability within the grade. We examined the potential marker saturation 
for PPl and SUS Y, using a substitution saturation test (Xia et al. 2003), implemented in 
DAMBE version 5.0.52 (Xia and Xie 2001). Following these initial surveys, we pursued 
our phylogenetic analyses with SUSY and PP!. Moreover, we added the missing sequences 
for two chloroplast markers, tmL and matK, to complete the data from Bruneau et al. 
(2008). 
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Table 3: Nuclear markers and their characteristics. The size of AIGP, CDC2 and RNAH 
were estimated from a gel. F corresponds to the forward primer sequence and R to the 
reverse primer sequence. * primers from Choi et al. (2004). 
Marker narre Putative function Orientation Prirrer sequences 
ARGIO Alumimun- induced protein-Iike F GAAGAAGCTTTGAATGGCACTGTTACAGT* 
Sile 450-850 bp R TATGTACACTTGAAAATGTAAGAAATACAT* 
AIGP Auxin-independent growth prornoter F CTGATAGGGCCAG GIll 1 1 IAGCATTTAGA* 
Sile 450-500 bp R GAGGCAGGGA GGACGAATGGT* 
CDC2 Putative cdc2 kinase F CAACTTTGCAAGGGTGTTGCTTTCT* 
Sizc 650-900bp R ACTAACACCTGGCCACACATCTTCA* 
CNGC4 Cyclic nucleotide- regulated ion channel F AGAGATGAGAATCAAGAGGAGGGATGCA* 
Sizc 735-1350 bp R TTTCGTCCACTGGACTCACAGCAAAGT* 
FENR Ferredoxin- N ADP reductase precursor F ATGCTTATGCCAAAGATCCAAATGC* 
Sile 489-754 bp R CTCACAGCAAAGTCGAGCCTGAAGT* 
HIND Cytosolic tRNA-Ala synthetase F CCGCAACTCGCCGGCGAAACCCGG* 
Sire 450-690 bp R CATGCTATCTTGCTCCACGAGCCTCCA* 
PPI Proteine phosphatase 1 F GTGACATTCATGGGCAGTACAGTGA 
Sile 675-783 bp R GCAGGCTTAAGAATCTGGAAGANCACATC 
RNAH ATP- dependent RNA helicases F GCTTCCACCAGCTGATACACG* 
Sile 750-950 bp R TTAGCCCTAGC AAGAATGTC ACTG* 
S24MT putative rrethyltransterase F GCTGATTTCATGAAGATGCCATTC* 
Sile 880-1020 bp R GTCAGGAAGCCCATCTCCAATCTC* 
SUSy Sucrose synthase F GCACTTGAGA AGACCAAGT ATCCTG 
Sile 691-948 bp R TTCCAAGTCCTTTGACTCCTTCCTCC 
Molecular methods and DNA alignment 
DNA was isolated from leaf tissue using a modified CT AB protocol (Joly and 
Bruneau 2006) or the Qiagen DneaslM Kit (QIAGEN, Mississauga, Ontario, Canada). For 
the tmL region, the primers, the PCR reaction mix, the amplification, and sequencing 
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procedures followed those described by Bruneau et al. (2001). The matK region was 
amplified using the conditions optimized by Bruneau et al. (2008). We sequenced 12 new 
species for each chloroplast marker (Table 2). 
The primers for the nuclear markers SUSY and PPl, initially developed for the 
Papilionoideae, were redesigned and optimized as specific pnmers for the 
Caesalpinioideae. To optimize the markers we aligned sequences from NCBI in BioEdit 
7.0.5.3 (Hall 1999). We aligned all the SUS Y sequence-tag site (STS), express sequence 
tag (EST) and genomic sequences. We based our alignment on the STS sequences from 
Choi et al. (2004) and compared with outgroups such as Arabidopsis thaliana for conserved 
regions. We designed new primers using the Amplify program version 3.1.4 (Engels 2005). 
These new primers increased the length of the targeted region SUSY and PPI by, 
respectively, 211bp and 209bp , relative to the original fragment sequenced by Choi et al. 
(2004). 
The PCR amplification reaction mix for the nuclear markers contained 10x Roche 
Diagnostics Buffer (Laval, Quebec, Canada), 100 llmolL dNTP, 0.3 mmolL primers, one 
unit of Taq DNA polymerase, 50 - 150 ng genomic DNA, and 2.5-5 % DMSO, 0.05% 
Tween 20, or 2.5 llg BSA, topped with distilled water for a final reaction volume of 25111. 
Amplifications were conducted with a "hot start' , cycle (Taq DNA polymerase added at 
95°C), followed by 40 cycles consisting of 3 min denaturation at 95°C, annealing at 48-
64°C (depending on the species) for 30sec., and an extension step at 72°C for 180sec. The 
sequencing reaction ended with an extension period at 10°C. Three PCR aliquots were 
obtained prior to amplification in order to minimize PCR recombination errors (Joly and 
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Bruneau al. 2006) and negative controls were run on aIl amplifications to check for 
contamination. 
The presence of polymorphisms in initial sequences obtained from direct 
sequencing suggested that cloning was required. Therefore, aIl PCR products were cloned 
using a PGEM-T vector and transformed into competent E. coli DH5-a. The transformed 
bacteria were screened on selective solid LB media containing 50 mg/ml kanamycin and 
100mg/ml ampicilin and kept overnight at 37°C. Positive colonies were grown overnight in 
LB broth. For each sample, six to 24 colonies were amplified and purified directly from the 
PCR reactions and then sequenced. For each clone, PCR reactions were performed to verify 
the presence of the full-Iength desired sequence. The amplification and sequencing 
conditions were the same as above except that the vector primer was used (Le., SP6-T7). 
Ail PCR products were purified using a PEG purification protocol (Joly and 
Bruneau 2006). Cycle-sequencing was performed with "Big Dye Terminator" chemistry 
(Applied Biosystems, Foster City, California, USA), using one eighth of the reaction 
volume suggested in the manufacturer's instructions for a total volume of lOll1 reaction with 
0.251ll of Big Dye Terminator. Sequenced products were run on an ABI 3100-avant 
automated DNA sequencer (Applied Biosystems). Sequenced fragments were cleaned and 
assembled with Sequencher v.4.7 (Gene Codes Corp., Maddison, Wisconsin, USA). 
DNA sequences were aligned in Clustal W (Thompson et aL 1997) with default 
gap penalties, and manually adjusted in BioEdit 7.0.5.3 (Hall 1999). The SUSY and matK 
loci, both protein-coding sequences, were translated to amin'o acids to verify the aIignment. 
Regions in which position al homology was ambiguous were excluded from the analysis. 
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Introns in SUSY were excluded bec au se we were unable to align them with certainty. 
Aligned DNA sequences are available in TreeBASE (SN4423). 
Analysis 
Because insertion-deletion events (indels) yield valuable phylogenetic characters, 
we used the modified complex coding developed by Müller (2006) and implemented in 
SeqState (Müller, 2005). However, for complex indel events, we coded the gaps manually 
as simple indel coding. A total of 42 indels were coded for the two chloroplast markers. 
The gap characters were concatenated into a single gap matrix. No indel characters were 
observed for the SUSY locus. 
Having a partitioning strategy may help capture the underlying evolutionary 
process with accuracy. In the case of coding genes (i.e., matK, SUSY), we tested several 
heterogeneous substitution models. We divided our data into biologically relevant 
partitions: chloroplast and nuclear data, coding and non-coding data, and coding data 
divided according to the codon position. We developed four partition models (Table 4). For 
each alternative, we selected the best-fitting model using the Ale criterion implemented in 
mrModeltest v2.2 (Nylander et al., 2004) (Table 5). We used the standard Bayes factor 
(BF) to compare the effect of the segmentation of our data on the Bayesian analysis (Kass 
and Raftery 1995; Nylander et al. 2004). We followed the recommendation of Kass and 
Raftery (1995) and accepted a BF higher than 10 as strong support for a more partitioned 
mode!. We estimated the marginal likelihood using Tracer v 1.4 (Rambaut and Drummond 
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2007) and we applied the smoothing estimate correction option with 1000 bootstrap 
replicates. 
Table 4: Partitioning strategies used for the bayesian and ML analyses. 
Partitions SUSY 1 SUSY2 matK tmL numberof tmdel gap partitions 
Codon position 1: one partition Codon position 1: one partition Codon position 1: one partition 
one one 1 Codon position 2: one partition Codon position 2: one partition Codon position 2: one partition partition partition 11 Codon position 3: one partition Codon position 3: one partition Codon position 3: one partition 
2 
Codon position 1-2 . one partition Codon position 1-2 : one partition Codon position 1-2 : one partition one one 8 Codon position 3: one partition Codon position 3: one partition Codon position 3: one partition partition partition 
3 Codon position 1-2-3 : ore Codon position 1-2-3 : one Codon position 1-2-3 : ore one one 5 partftion partition partition partition partition 
4 one partition for the KlUr rrnrkers one 2 partition 
We performed Bayesian analyses usmg a parallel version of MrBayes v3.1.2 
(Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003; Altekar et al. 2004) 
on a shared memory multiprocessor computer (Alti x 4700). The rate of variation between 
partitions and model parameters were unlinked across partitions to obtain a mixed model, 
and the rate multiplier (branch length) was unlinked as suggested by Marshall et al. (2006). 
Each Bayesian analysis was implemented using a random starting tree and was run for a 
total of 10 million generations, sampling every 1000 generations. Four Markov runs were 
conducted with 16 chains per run, and we fixed the number of swaps at eight (Nswaps=8). 
To assess the convergence of our analysis, we first inspected the density log likelihood and 
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the overlap of the mutation rate with Tracer (Rambaut and Drummond 2007). We used 
A WTY (Wilgenbusch et al. 2004) to trace the evolution of the posterior probabilities (PP) 
of clades during the analyses. The bum-in was determined from the log distribution and PP 
clade stabilization. 
Maximum likelihood (ML) analyses were performed with the Treefinder program 
(Jobb et al. 2004). We used the default model proposed by the program (Table 5) with aIl 
parameters estimated from the data. We reconstructed the phylogeny with five of the 
starting trees, which were obtained using the command "Generate Start Trees." We 
performed a parametric bootstrap with 1000 replicates with the same starting trees. 
Table 5: Statistieal information on the maturase K (matK), the partial suerose synthase (SUSY) with the copies named SUSYl and 
SUSY 2 (see text), and the tmL intron. Eaeh mode} used in the Bayesian and the maximum Iikelihood analyses is indieated. Information 
on the mean variation of the data is indieated by the pereentage of polymorphie sites, the pereentage of divergence between the 
sequences and the percentage of informative sites. ru is the relative fixation rate of synonymous and non-synonymous mutations. 1 = 
proportion of invariant sites; r = gamma rate variation. a. GTR general time reversible model (Rodriguez et al. 1990); b. SYM symmetric 
model (Zharkikh 1994); c. F81 Felsenstein 81 (Felsenstein 1981); d. HKY Hasegaw a-Ki shi no-Yano mode] (Hasegawa et al. 1985); 
d'data from SeqState (Müller 2005) and '2' data from PAML Yang (2007). 
Number aügned Bayesian Treeirnder Polymorphie % divergence % 
marker partition of length Models models sites (%) (without indel)l informative 1 w
2 
sequences (pb) (without inde 1) 1 
Codonl GIR"+I 8.24 1.07 3.29 
Codon2 182 G1R'+I+G 7.69 1.18 1.09 
SUSY copy 1 Codon3 51 G1R·+G G1R"+G 45.05 10.33 34.61 0.036 
Codonl-2 364 G1R'+I+G G1R"+G 7.96 1.12 2.19 
none 546 SJ'Mb+I+G 20.33 4.04 13.00 
Codonl G1R'+G 6.04 1.01 1.64 
Codon2 182 G1R'+G 9.34 1.82 4.39 
SUSY copy 2 Codon3 45 G1R"+G HKyd+G 40.65 10.69 25.82 0.05 
Codonl-2 364 GIR'+I+G G1R"+G 7.69 1.39 3.02 
none 546 SYMb+I+G 18.68 4.24 10.62 
Codonl G1R"+G 25.09 2.82 13.63 
Codon2 517 G1R·+G 19.96 2.18 10.87 
matK Codon3 69 G1R·+G HKyd+G 26.68 3.56 17.19 0.72 
Codonl-2 1034 G1Ra+G HKyd+G 22.09 2.40 8.81 
none 1551 G1R'+G 23.45 2.73 10.01 28 
tmL none 73 751 GIR'+G HKyd+G 26.23 2.68 12.11 
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Nuclear paralog evolution 
We tested the evolutionary models for the SUS Y data to detect what type of 
putative selective pressure could drive the evolution of the new SUS Y function after gene 
duplication and to infer whether or not the loci had evolved independently. We used the 
CODEML package from PAML v4.2 (Yang 2007), which is based on a ML framework 
with codon-based models of sequence evolution. We estimated the nonsynonymous (dN; 
amino acid replacement) and synonymous (dS; silent) substitution rate ratios (dN/dS or 
ro)over the SUS Y tree. A ro > 1 suggests that sorne codons are under selective pressure, ro = 
1 indicates neutrality and ro < 1 indicates purifying selection (or negative selection). For 
these analyses, we used a gene tree for each paralog based on a ML analysis implemented 
in TREEFINDER. We first applied "site-specific" models, which assume variable selective 
pressure among codon sites but without variation among branches, using the site-specific 
models (i.e., MO, Ml, M2, M3, M7, M8) recommended by Yang et al. (2000). MO is the 
"null" model and assumes no variation among sites (ro fixed at 1). Ml, the "neutral" model, 
assumes two site classes, roi = 1 and roo = 0, where Po and Pl represents the proportion of 
each ro category. M2, the "selection" model adds a third class, ro2, which is estimated, and 
P2 indicates the proportion of sites under selective pressure. M3 is the "discrete" model 
where the three ro ratios are estimated. Under the "beta" M7 model, ro varies between 0 and 
l following a beta distribution, with eight site classes. The M8, "beta and omega" model, 
adds an additional omega site class, which is free to have a value> 1. In addition to the 
"site-specific" selection models, we used "branch-specific" models where the ro ratio is 
allowed to vary along branches and among sites (Yang and Nielsen 2002). The "branch-
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specifie" models can detect evidence that sorne sites in the duplieated bran ch have been 
affected by selection. We used the two "two-ratio" models in which the phylogeny is 
separated in "foreground" and "background" branches. As suggested by the phylogeny 
based on nuclear makers (Figure 1), we targeted as "foreground" lineages the SUSY 2 
branches and as "background" lineages the SUSY 1 and outgroup branches. We tested 
whether the dN/dS ratio for the focused lineages differs from the background sequence ratio 
(Figures 1). The "two-ratio" models estimated three separate dN/dS ratios over the tree, roo, 
roI and ro2. In model A, the roo ratio is a110wed to be equal or sma11er than one, roI is fixed at 
1.0 and ro2 is allowed to be greater than one in the foreground branches. Model B is an 
extension of mode! M3, where ro is a free parameter. With the "branch-specific" mode1 we 
examined whether the selective pressures have changed in the paralogous lineages after 
gene duplication. The TO model is the nu11 hypothesis where the ro ratio is identical over a]] 
the branches. The Tl model makes the hypothesis that SUSY 2 has a different ro ratio (roI) 
than the ancestrallineages and the other SUSY 1 clade (roo). T2 gives three different ratios 
to three different SUSY lineages observed (see Results). The "site-specifie", "branch-site" 
and "branch-specific" models were compared using the likelihood ratio test (LRT) to 
examine whether the ro ratios were different among lineages. Twice the log likelihood 
difference between two models (2ÔlnL) was compared against a 'X: distribution. 
Figure 1: Bayesian inference of the SUSY paralogs. Numbers indieate a bootstrap 































Using the published phylogenetic markers of Choi et al. (2004), we tested the 
utility of a series of low-copy nuclear loci (Table 3). Screening of ARGI and CNGC4 
sequences showed a high degree of variability, with sequence length variations among 
species up to 400bp and 300bp, respectively. The FERN and S24MT loci amplifications 
yielded multiple bands and variation in length up to 500bp. Amplification of the HINDII 
marker was unsuccessful. PPI seemed interesting for its mutation rate, but the phylogenetic 
pattern obtained was chaotic. By examining the amino acids of the PPI gene sequences, we 
found a stop codon suggesting that PPI could have paralogs. Despite the identification of 
paralogs, we were unable to recover a coherent phylogenetic signal (Figure 2). Moreover, 
this marker showed a significant level of saturation with a proportion of invariable sites at 
0.561, as calculated by Modeltest (Iss = 0.296, Iss.c = 0.707, P = 0.0918). Although 
preliminary phylogenetic analyses of CDC2, RNAH, and AIGP markers appeared 
promising, they were not considered further in this study because of time and financial 
constraints. The SUSY locus had a high variation rate and was sufficiently long, which 
corresponded to the criteria set for this study. 
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SUS Y is composed of three exons (l50bp, 221 bp, 174bp, respectively) and two 
introns (80-130bp and 76-273bp). Two copies of SUSY were detected for the majority of 
the taxa sampled here and preliminary analyses showed comprehensible phylogenetic 
patterns. We did not observe a second copy of the marker for genera within the Dialiinae 
clade and the Papilionoideae, despite extensive sampling of clones (24 to 48 clones per 
species). The translation into amino acid sequences of both partial copies did not reveal a 
stop codon, suggesting that both copies might be functional. We treated these paralogs as 
two independent markers. The intron region was removed from the alignment because it 
was hyper-variable. In total, we amplified and sequenced SUSY for 41 of 59 genera of the 
Caesalpinieae grade, seven of subfamily Mimosoideae, and one from the Papilionoideae. 
All sequences are deposited in GenBank (Table 2). 
Phylogenetic Analyses 
The combined matrix included 3437 characters, which 10% were informative. 
Results of the model selection regime for each partition are provided in Table 5. We were 
unable to obtain nuc1ear sequences for 16 genera, but we inc1uded data from these genera in 
the combined plastid plus nuc1ear matrix to achieve a better representation of the phylogeny 
of the group. The final alignment contained Il % missing data. 
Using AWTY and Tracer, we estimated the convergence of each run of the 
Bayesian analysis to an apparent stationary position around five million generations per 
run. The plot of the likelihood score for each run revealed that sorne runs were stuck on a 
local maximum, leading us to re-start the analysis. The Bayes Factor (BF) values were used 
to determine which partition model had the best likelihood score and subsequently the best 
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tree reconstruction (Table 6). When the model was fitted to the codon position, as for 
partition models 1 and 2 (Table 5), likelihood scores were higher than with the 
unpartitioned markers (partition models 3 and 4). Partition models 1 and 2 were not 
significantly different from each other, but they are significantly different from partitions 
model 3 and 4 (BF > 0). Based on these results, we chose the codon position partition 
(partition model 2) because it had fewer parameters to estimate than partition model 1. 
Table 6: 2log Bayes factors results of comparisons of all partitioning strategies. Negative 
values represent evidence against alternative hypotheses. Partition models refer to the 
partition described in the table 4. 
Partition models likelihood 2 3 4 
1 -18521.90 -37.889 91.237 156.49 
2 -18415.85 129.125 194.379 
3 -18714.12 65.254 
4 -18866.64 
Phylogenetic relationships 
The nuclear gene phylogeny, which reveals the presence of two paralogs, gives 
relevant information about the origin of the nuclear gene duplication event (Figure 1). 
Within this phylogeny, we distinguished three groups: the paralogous clades SUSY 1 and 
SUSY 2, and a group of sequences that are pro-orthologous. Pro-orthologous sequences are 
ancestral to the whole set of paralogous genes (Sharman 1999). We consider papilionoids 
and Koompassia excelsa (Dialiinae clade) as part of the pro-orthologous group in a gene 
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tree scenario (Figure 1). In this phylogeny, the Papilionoideae are sister to the SUSY 1 
clade (ML=54, PP=0.91). Within the SUSY 1 clade, our analyses resolved five clades, 
Dimorphandra, Peltophorum, Mimosoideae, Cassia, Caesalpinia and two grades, Umtiza 
and Erythrophleum. The relationships among the Erythrophleum grade are unsupported 
(i.e, Erythrophleurn, Pachyelasrna, Diptychandra and Moldenhawera). Phylogenetic 
relationships within the SUSY 1 and SUSY 2 clades suggest the division of the Umtiza 
clade into three distinct groups. The phylogenetic signal within SUSY 1 shows a long 
branch for the genus Pterogyne, which is placed in the Cassia clade. The SUSY 2 clade 
resolves the same groups as in the SUSY 1 clade. In SUSY 2, the genus Jacqueshuberia is 
directly derived from the Umtiza grade with a high posterior probability (ML=1.00). The 
Dimorphandra clade and Erythrophleum grade are under-sampled here and do not 
constitute distinct clades. 
No significant dissimilarities between the ML and the Bayesian combined analyses 
were found except for the position of a few terminal nodes. In both Bayesian and ML 
analyses, we identified eight strongly supported clades within the Caesalpinieae grade 
(Figure 3). AlI major clades within the grade are strongly supported (PP=0.93-1.00, 
ML=80-100) with the exception of the Tachigali and Dimorphandra clades, which are more 
weakly supported (ML=0.66, PP=52 and ML=0.64, PP=52, respectively). 
Figure 3: ML tree from the partition model 2 from nuclear and chloroplast data. Numbers 
below branches indicate a bootstrap value from the ML analysis followed by Bayesian 
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The Umtiza clade recognized by Herendeen et al. (2003a) forms a grade of three 
clades in our combined nuclear and chloroplast analyses (Figure 3). Umtiza, Gymnocladus, 
and Gleditsia constitute a highly supported and resolved clade (PP=1.00, ML=87). Arcoa 
tends to form a distinct clade, however the hypothesis is weakly supported (ML=51). The 
third group, is weIl supported (PP=1.00, ML=lOO) in aIl the analyses and includes 
Tetrapterocarpum, Ceratonia, and Acrocarpus. Within this clade, the relationships 
obtained from the combined datasets are poorly supported. 
Caesalpinia clade 
The phylogenetic analyses suggest that Cordeauxia and Stuhlmannia are sister to 
the rest of the Caesalpinia clade. The remainder of the Caesalpinia clade clearly separates 
into two strongly supported clades, referred to here as Caesalpinia 1 (seven genera) and 
Caesalpinia 2 (ten genera) (Figure 3). There are two clearly supported clades within 
Caesalpinia 1, one including Pomaria and Poincianella, and the second consisting of 
Libidibia, Hoffmannseggia, Stahlia and Balsamocarpon. Within the Caesalpinia 2 clade, 
we observe two clades, one that includes Tara and Coulteria and the other, Mo ulla va , 
Pterolobium, Caesalpinia, Cenostigma, and Mezoneuron, but with no clear resolution 
among these two clades and the genus Haematoxylon. 
Cassia clade 
This clade groups together seven disparate genera and has a strong support value 
(PP=1.00, ML=lOO). Within the clade, the relationships between the taxa are unclear, and 
branch support values are low. The topology presents Cassia as sister to Senna, both sister 
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to a poorly supported clade that includes Vouacapoua, Recordoxylon, Melanoxylon, 
Chamaecrista and Batesia (ML=51, PP=0.78). The genus Pterogyne is in an ambiguous 
position and, depending on the marker or the analysis, it can be placed either in the 
Caesalpinia clade or in the Cassia clade. Moreover, Pterogyne distinguishes itself from 
other taxa by a longer branch, both in the nuclear and chloroplast DNA topologies. 
Dimorphandra clade 
The Dimorphandra clade includes five genera; Dinizia, originally included within 
subfamily Mimosoideae, Dimorphandra, Stachyothyrsus, Mora, and Burkea. The entire 
group is weakly supported (PP=0.66, ML=64) and Dinizia is resolved as sister to the other 
genera, whose relationships are not weIl resolved. The undescribed taxon (FoUi 4884) is 
supported as sister to Dinizia, suggesting a close relationship between these taxa. 
Tachigali clade / Peltophorum clade 
Despite our complete generic sampling of the Tachigali clade, it is supported only 
with moderate values in the combined analysis (ML=66, PP=0.52). The Peltophorum clade 
has high support values and the relationships within the clade are weIl supported. 
Nevertheless the relationships between Delonix, Lemuropisum and Colvilea remain unclear. 
In addition, Delonix appears polyphyletic. 
Subfamily Mimosoideae and Erythrophleum grade 
Our analysis of the c10sest relatives of subfamily Mimosoideae suggests that a 
grade of several caesalpinioid genera may be sister to the Mimosoideae (Moldenhawera, 
Diptychandra, Pachyelasma and Erythrophleum). We named this grade the Erythrophleum 
grade. This grade has moderate support values but is present in aIl the trees. The 
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Mimosoideae clade is strongly supported (PP= 1.00, ML= 1 00) and includes the 
caesalpinioid genus Chidlowia. 
Nuclear marker evolution 
The codon selection model with PAML for 182 codons indicated that the SUSY 
sequences were strongly divergent (up to 4.25%; Table 5); however, the amino acid 
sequences are highly conserved with 0.3% divergence across the Caesalpinieae grade and 
the (0 ratios had a low average ratio for the SUSY ] and 2 clades, (Osusyl=0.021 and 
(OsusY2=0.038, given the "one-ratio" model (MO) (Table 7). The M2, M3 and M8 models 
found evidence for positive selection (Table 7) and the M8 model fits the data significantly 
better than the MO, M2 and M3 models (Table 8). M3 suggested 0.5% of sites were under 
positive selective pressure for SUSY land 1.7% were for SUSY 2. The M8 model 
suggested 0.5% of sites are under positive selection for SUSY 2. The M2, M3 and M8 
models found the following four sites as potentially under positive selection: 102K, 103R, 
132N and] 60R (Table 7). With the "branch-specific" model, the average of the (0 ratio 
along the SUSY 2 branches was found to be (02=0.061, whereas it was (01=0.016 along the 
SUSY 1 branches. Even if the (0 ratios are not very different between the SUSY 1 and the 
SUSY 2 clades, because these genes evolve by positive selection for just one or a few 
amino acid changes, the overall synonymous substitution rate increased significantly over 
the SUSY 2 lineages. The LRT comparison between the "branch-specific" model, TO vs. 
Tl, show a significant difference in the substitution ratios after the gene duplication 
(p=0.002). We tested whether selective pressures had changed in both the SUSY 1 and 
SUSY 2 lineages after the duplication. This comparison, Tl vs. T2, did not show a 
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significant difference in the selective pressure between the SUSY 1 and SUSY 2 clades. 
The "branch-site" model did not indicate the presence of sites under positive selection. 
According to this model (Model A), Psusyl=92% and PSlIsy2=87% of sites are conserved 
across aIl the lineages, and Psusyl=J .5% and Psusyz=3.6% of sites are under neutral selection. 
Table 7: Maximum likelihood parameter estimates for the SUSY genes. Results in bold show significant result. i, log likelihood; np, 
number of parameters; ru, ratio of synonymous/non-synonymous substitutions; P, proportion of sites estimated. Significant result are 
marked in boldo 
Model 
MO (one ratio) 
MI:neutral 
..;!l M2: selection 
Q) 
"tl 
0 M3: discrete 8 
Q) 
-00 M7: beta 
M8:beta&w 
Q.> 
--v; r.n: ModelA 
.=Qj 
u"tl 
= 0 ~ 8 ModelB 
!Xl 
..cl U t;IJ 1.;: - Ife . ~._ Q) e rauo 
i: ;;; -g Two-ratio 
!Xl ~ 8 Three-ratio 
SUSYl 
Parame ter Estimates Positively 
-5595.83 w=0.021 Not allowed 
-5476.04 PO::::O.98 (pl=0.016) Not allowed 
000=0.0) 001=1 
-5483.60 PO=0.98 pl=0.02 l03R (at P>O.99) 
000=0.01 001=] 002=13.47 
-5465.07 PO=0.97 pl:o:O.024 (p2:o:O.005) l03R (at P>O.99) 
000::::0.01 (0)",,0.297 002=1.605 
-5483.66 p= 0.087 q= 1.311 Notallowed 
-5459.17 pO=0.989 p= 0.227 q= 13.01 l03R (at P>O.95) 
(pl:o:O.011) 00=1.0 
-5483.82 PO=0.917 pl=0.015 (p2+p3=0.067) None 
(jlO::::O.012 00]=1.0002=0.012 
-6152.31 PO=0.573 pl:o:O.234 (p2+p3=O.l92) None 
000::::0.039 001=0.721 002=0.761 








log Parameter Estimates Selected Sites 
-4591.39 w=0.038 Not allowed 
-4456.68 PO::::O.96 (pl=O.04) Not allowed 
000=0.01 001=1 
-4443.08 PO::::O.95 pl=0.03 160R (at P>O.99) 
000::::0.01 001=1 002=3.99 
-4427.19 PO=0.87 pl=0.108 (p2=0.017) l02K. 132N. 160R 
000:;:0.005 001=0.206 002=1.74 (at P>O.99) 
-4445.16 p= 0.043 q= 0.399 Not allowed 
-4427.40 pO=0.994 p= 0.07 q= 0.786 160R (at P>O.99) 
(pl =0.005) 00=3.81 
-4456.82 PO=0.878 pl=0.036 (p2+p3:o:O.086) None 
000=0.012 001=1.0002=0.017 
-4590.67 PO=0.573 pl:o:O.234 (p2+p3=O.l92) None 
000=0.039 00]=0.721 002=0.76] 
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Table 8: Likelihood ratio test (LRTs) of the variable (ù ratios under different models. The 
degree e offreedom (d.f.) is indicated for each model comparison. 
SUSY 1 SUSY2 
Models Compared 
d.f. 2~lnL P 2~lnL P 
'" MOvsM3 4 261.5 < 0.001 328.38 < 0.001 
-<l.l 
'g Ml vs M2 2 15.13 < 0.001 27.19 < 0.001 
8 M7 vsM8 2 48.98 < 0.001 35.52 < 0.001 ~ 
.... MO vs M8 2 273.32 < 0.001 327.97 < 0.001 r.I':J 
~ 
.... '" 
"'- MAvsMB 4 15.56 0.003 267.69 < 0.001 
.: <l.l 
tJ-Q 
< 0.001 B ê MO vs MA 5 1337.4 269.14 < 0.001 
~ 
SUSY 
.: s= .:a Free ratio vs Two-ratio 9.73 < 0.001 ~!5-8 Two- ratio vs Three- ratio 2 4.48 0.106 e ~ ê Free ratio vs Three-ratio 3 14.21 0.002 = '" 
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Discussion 
Nuclear loci evolution 
The two SUSY paralog clades form well-supported gene subfamilies, in which the 
evolutionary patterns among lineages is repeated. The Papilionoideae and Dialiinae clades 
do not appear to posses the two copies of SUSY according to our sampling and to Choi et 
al. (2004, 2006), but we cannot exclude the possibility that additional paralogs could be 
present in earlier diverged lineages. The Mimosoideae sampled have both SUSY copies. In 
consequence, we consider that SUSY may have undergone a duplication event following 
the divergence of the Papilionoideae clade. Similar independent duplication events are 
known to have occurred regularly in the evolution of plant genes and have been identified 
in the Asteraceae, Caprifoliaceae, Colvolvulaceae, Leguminosae, Rosideae, Solanaceae, 
Poaceae, and Lamiaceae (Yang and Nielsen 2002; Citerne et al. 2003; Ree et al. 2004; 
Archambault and Bruneau 2004; Chapman et al. 2007). This event, which is common to the 
Caesalpinieae grade and the Mimosoideae, adds a vaJuable taxonomie character which 
supports the monophyly of these two groups together. Based on previous analyses in which 
clades were dated using fossil evidence (Lavin et al. 2005; Bruneau et al. 2008), the 
duplication event may have occurred after the papilionoid node, between 50 and 60 Ma 
years ago. Despite the age of this duplication, the sequence composition of the exon is 
similar over aIl lineages; however the intron composition is highly heterogeneous. This 
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intron may prove useful In phylogenetic studies at the inter-specific level in the 
caesalpinioid legumes. 
Immediately following a duplication event, paralogs are known to be co-expressed 
and preserve their function, but this functional redundancy may have several outcomes 
within an organism (Moore and Purugganan 2005). Either of the paralogs may accumulate 
degenerative mutations to become a pseudogene. Pseudogenization implies relaxed 
evolution (co=1), where the gene accumulates neutral mutations often with an observed 
accelerated evolution. Alternatively the new gene may take on a new function driven by 
new positive selection due to new selective pressures (co> 1) with a predominance of 
adaptive mutations (neofunctionalization). With subfunctionalization, the duplicated gene 
may conserve the same function but with a different spatial or temporal action. This 
subfunctionalization may be the result of the accumulation of degenerate mutations (co<l), 
where positive selection may also have played a key role. The codon selection model 
analyses suggest that the SUS Y amino acid sequence is relatively conserved with no major 
differences among lineages due to strong purifying selection and no increase in 
evolutionary rate within the paralogs was observed suggesting that the evolution of the 
SUSY paralog does not reflect a pseudogenization process. The phylogeny (Figure 3) 
indicates that SUSY 1 may have conserved its original function and that the SUSY 2 
paralog may have acquired a new function. We observe a stronger positive selection in the 
SUSY 2 clade with evidence for numerous positively selected sites and a stronger co ratio 
(Table 7), suggesting that this acquisition involved an ancient episode of positive selection 
after the gene duplication. Subfunctionalization may be the more plausible hypothesis for 
the SUSY 2 paralog rather than neofunctionalization because this is consistent with the 
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theory that subfunctionalization rather than adaptive evolution contributes more strongly to 
duplicate gene preservation (Walsh 1995; Force et al. 1999). However, we cannot be 
certain that the paralogs have found a subfunctionalization because neofunctionalization is 
also driven by positive selection and without a verification of the expression of the SUSY 1 
and SUSY 2 gene, it is difficult to ascertain that SUSY 2 has acquired a new function. 
Caesalpinioid phylogeny 
The nuclear loci provide a stronger phylogenetic signal compared to previous 
phylogenetic analyses of the subfamily Caesalpinioideae (Bruneau et al. 200 1, 2008), 
which allows for the assessment of more ace urate evolutionary hypotheses in 
caesalpinioids. The nuclear marker studied has a faster evolutionary rate than the 
chloroplast markers used to date. With the addition of these numerous variable characters, 
we obtain a more complete view of evolution in the Caesalpinieae grade and in the early 
diverged lineages of the Mimosoideae. However, we are missing nuclear sequences for five 
genera, three of which have never been included in a molecular analysis (Stenodrepanum, 
Lophocarpinia, and Orphanodendron) , and two which grouped within the Caesalpinia 
clade in the chloroplast DNA analyses of Bruneau et al. (2008; Zuccagnia and 
Erythrostemon). In the combined analyses, sorne groups are better supported, whereas 
others have better resolved intergeneric relationships. The nuclear and the chloroplast 
phylogenetic signaIs show sorne distinctiveness. The nuclear topology suggests that 
Pterogyne belongs to the Cassia clade as suggested by the morphological analyses of 
Herendeen et al. (2003a), whereas previous chloroplast analyses had shown Pterogyne as 
sister to the Caesalpinia clade, albeit with weak support value (Haston et al. 2003; Bruneau 
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et al. 2008). This uncertainty may be attributed to the low variability of the chloroplast 
genome. The long branch in Pterogyne is notable for ail molecular markers (i.e., Bruneau et 
al. 2008 for the chloroplast markers and fig. 3 for nuclear markers), indicating a rapid 
evolutionary rate for the genus, which is presently unexplained. The phylogeny obtained in 
previous molecular and morphological studies considered the Umtiza group to be a clade 
(Herendeen et al. 2003a, 2003b; Bruneau et al. 2008), but in our phylogeny the Umtiza 
clade is clearly resolved as three distinct lineages to form a paraphyletic group. The 
monotypic genus Arcoa has an unresolved position, but clearly does not belong to either of 
the two multigeneric clades that comprise the Umtiza grade. In the nuclear analyses, the 
position of Jacqueshuberia as sister to most of the Caesalpinieae grade (except the Umtiza 
grade, Figure 1), is in contradiction with the previous chloroplast DNA analyses which 
place it within the Tachigali clade (Bruneau et al. 2008). Similarly, the combined 
morphological and molecular analyses of Herendeen et al. (2003 a, 2003b) suggest that 
Tachigali is sister to the Caesalpinieae grade with the exception of the Umtiza grade, but 
this hypothesis should be verified with more exhaustive sampling. The incomplete 
sampling of our dataset has an impact on the topology of the combined analyses. For 
instance within the Cassia clade, no nuclear sequences are available for the genera Batesia 
and Chamaecrista and as a result they group together in the combined analysis (Figure 3). 
In consequence the Batesia-Chamaecrista relationship may be the result of incomplete 
sampling of the nuclear markers. 
We infer the position of the genus Dinizia to be within the caesalpinioids, as it has 
been already suggest in previous studies (Luckow et al. 2000; Wojciechowski et al. 2004; 
Bruneau et al. 2008). Considering the Mimosoideae, the chloroplast and nuclear 
49 
phylogenies corroborate the monophily of this subfamily. The Erythrophleum grade 
contains genera with the transitional morphology to the mimosoids and this brings into 
question the taxonomic value and the evolution of Caesalpinieae. For example, should we 
include the Erythrophleum grade within the Mimosoideae as early diverging genera of 
mimosoids? Or should we include the whole Caesalpinieae grade? In summary, we should 
ask ourselves, what is a Caesalpinieae and what a Mimosoideae? The beginning of an 
answer may come from the SUS Y gene duplication event. This duplication indicates that 
the Caesalpinieae grade and the Mimosoideae share a common evolutionary history. From 
this, we could deduce that the Caesalpinieae grade is part of the Mimosoideae. This 
solution would have a consequence to create one large subfarnily Mimosoideae, in which 
the caesalpinioid clades would represent different tribes. In an alternative view, the 
Mimosoideae could include the Erythrophleum grade genera with perhaps sorne other 
closely related clades of the Caesalpinieae grade (i.e., Dimorphandra, Peltophorum, 
Tachigali clades). Each clade would be defined as a mimosoid tribe and the remnants of the 
caesalpinioid clades would be defined as distinct subfamilies of the Leguminosae. However 
this alternative increases the number of subfamilies and the taxonomic complexity of the 
family. The available morphological data for the Caesalpinieae grade and the Mimosoideae 
are insufficient to provide further insights of the evolution of those groups. Therefore, 
additional effort is needed to increase the amount of morphological data and to combine 
them with molecular data. 
Future phylogenetic developments may help to understand the transition between 
the Caesalpinieae grade and the Mimosoideae, with an extensive sampling of the 
Dimorphandra clade, Erythrophleum grade and early diverged lineages of mimosoids in 
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order to better understand which caesalpinioid genera are sister to the Mimosoideae. The 
addition of numerous nuclear markers in the phylogeny of the legumes appears to be ideal 
to resolve these intergeneric phylogenies. However,· we need a better understanding of 
nuclear genome evolution of the caesalpinioids to obtain additionnaI single copy nuclear 
markers (Cronk et al. 2006). The genomic project on Chamaecrista may help in the search 
for useful nuclear loci. To understand the evolution of the legumes, the addition of 
morphological data appears to be crucial to resolve the taxonomy of the Caesaipinieae 
grade and of the subfamily Mimosoideae. 
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Chapitre 3 : Conclusion 
L'utilisation de marqueurs nucléaires pour la phylogénie du grade des 
Caesalpinieae est rendue plus aisée grâce aux études de génomiques sur les Papilionoideae. 
Les marqueurs nucléaires testés dans cette étude apportent un contenu phylogénétique en 
accord avec les études chloroplastiques. Cependant, la grande plasticité du génome des 
angiospermes rend la prédictabilité des marqueurs nucléaires difficile à cause des 
réarrangements génomiques fréquemment rencontrés chez les Légumineuses. À partir de 
nos résultats, nous pouvons comprendre avec plus de certitude les enchaînements des 
clades dans le grade. La compréhension approfondie du grade, nous permet de faire des 
hypothèses taxonomiques et d'avoir de nouveaux éléments pour diriger les recherches à 
l'intérieur de ce groupe. 
L'étude de Choi et al. (2004) marque une avancée de taille pour l'identification de 
marqueurs nucléaires en copie unique chez les Légumineuses. La mise en œuvre de ces 
marqueurs montre une certaine prédictabilité au niveau la composition des séquences et du 
nombre de copies de ces marqueurs (Sherson et al. 2005; Choi et al. 2006). Cependant, les 
genres pour lesquels ces marqueurs ont été testés dans les Légumineuses sont relativement 
éloignés de notre groupe d'intérêt. En conséquence, le travail d'identification des marqueurs 
en copie unique comporte des écueils, qui ont été rencontrés dans cette étude. 
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L'inhomogénéité de composition des séquences introniques entraîne, au niveau 
taxonomique de l'étude, une difficulté dans ['alignement des séquences. De plus, la 
différentiation des paralogues de SUSY requiert, durant le clonage, des analyses 
phylogénétiques afin de les identifier. Malgré ces difficultés, les exons de SUSY montrent 
un taux de substitution adéquat pour le niveau taxonomique de notre étude. Les mutations 
sont le plus souvent localisées à la troisième position du codon, due à la redondance du 
code génétique. Les exons de SUSY fournissent suffisamment d'informations pour résoudre 
les relations phylogénétiques au niveau intergénérique du grade des Caesalpinieae. Trop 
variables pour notre étude, les introns montrent, à l'alignement, une bonne concordance au 
niveau infragénérique. Le marqueur SUSY peut être utilisé avec plus de facilité dans les 
clades qui précédent le grade des Caesalpinieae, car ils ne comportent pas de paralogues 
selon notre échantillonnage. 
L'histoire racontée par les marqueurs chloroplastiques et nucléaires est similaire. 
Peu d'incongruences ont été remarquées dans les phylogénies. Ces incongruences sont 
sûrement liées en partie au sous-échantillonnage taxonomique des marqueurs nucléaires. Il 
faudrait augmenter l'échantillonnage du grade pour obtenir des résultats plus probants, car 
le sous-échantillonnage de certains marqueurs a pour effet d'associer durant l'analyse les 
taxons échantillonnés. Malgré tout, l'échantillonnage réalisé couvre l'ensemble des clades 
ciblés par les objectifs de départ. Afin de parfaire l'étude, il pourrait s'avérer intéressant de 
séquencer les marqueurs chloroplastiques pour deux genres manquants, Orphanodendron et 
Sympetalandra, ainsi que de compléter l'échantillonnage des marqueurs nucléaires pour 
lesquels il manque une quinzaine de genres dans le grade (i.e. Batesia, Chamaecrista, 
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Cordeauxia, Pomaria, Stahlia, Haematoxylon, Moullava, Guillandina, Chidlowia, Dinizia, 
Burkea, Stachyothyrsus, Campsiandra, Arapatiella, Sclerolobium, Lemuropisum). En 
particulier, un échantillonnage plus étoffé des clades à la base des Mimosoideae nous 
renseignerait sur la succession des genres entre les Mimosoideae et les Caesalpinieae. 
la question du devenir du grade des Caesalpinieae se pose en raison du 
polyphylétisme de la sous-famille des Caesalpinioideae,. Nous nous attendons à ce que les 
clades du grade ne soient plus reconnus comme étant des Caesalpinioideae. De plus, les 
Mimosoideae tel que présentement définis (Lewis et al. 2005) sont paraphylétiques à cause 
du genre Dinizia (Mimosoideae) inclus dans le clade Dimorphandra. Le monophy létisme de 
la sous-famille n'est pourtant pas remis en question par cette étude et les résultats mettent 
en exergue les relations phylogénétiques privilégiées qu'ont les Mimosoideae avec certains 
groupes de Caesalpinieae comme le grade Erythrophleum. Concernant les 
Caesalpinioideae, nous proposons dans ce mémoire deux perspectives taxonomiques au 
devenir du grade des Caesalpinieae. L'une serait d'intégrer les groupes du grade des 
Caesalpinieae, en tant que nouvelles tribus au sein de la sous-famille des Mimosoideae. La 
deuxième proposition consisterait à intégrer quelques genres ou clades des Caesalpinieae 
dans les Mimosoideae et à créer des sous-familles avec les clades restants. Pour trouver des 
solutions à ces incongruences taxonomiques, des études morphologiques seront nécessaires 
pour appuyer les hypothèses phylogénétiques. 
L'étude des génomes entreprise pour les Papilionoideae ne représente pas la 
diversité des légumineuses. L'actuel projet de séquençage à grande échelle de 
Chamaecrista fasciculata va permettre de combler un vide dans la connaissance du génome 
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des Caesalpinioideae. Il permettra une meilleure compréhension des traits caractéristiques 
des légumineuses, à savoir l'ontogénie florale et les nodulations. Les études découlant du 
séquençage affineront notre compréhension de l'évolution des génomes et pourraient 
produire une grande quantité de marqueurs nucléaires en copie unique à l'échelle de la 
famille des légumineuses. 
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